A SYSTEMATIC REVISION OF  Paul E. Berry:
FUCHSIA SECT. QUELUSIA
(ONAGRACEAE)’

ABSTRACT

Fuchsia sect. Quelusia consists of nine closely related species, eight from southeastern Brazil and one from southern
Chile and Argentina. This treatment recognizes F. alpestris and F. glazioviana as separate from F. regia and
describes two new species from southern Brazil, F. brevilobis and F. hatschbachii. The section is defined by its
shrubby-lianoid habit, opposite-whorled leaves, and distinctive floral pattern associated with hummingbird pollination.
It is one of only two entirely polyploid sections in the genus. Unique characters of the section include the large,
violet, convolute petals, strongly exserted stamens, and partially connate sepals that are longer than the floral tubes.
All nine species occupy cool forest habitats that are remnants of the widespread Tertiary temperate forests of the
Southern Hemisphere. With the Old World sect. Skinnera as the sister group of all the American species of Fuchsia,
sect. Quelusia represents an early offshoot of the ancestral South American fuchsias, distinct from the tropical Andean
and Central American sections in its polyploidy and derived, 3-porate pollen. The nearest relative and sister species
of sect. Quelusia is F. lycioides, a specialized xerophyte and the sole member of sect. Kierschlegeria, which occurs
in central Chile just north of the range of F. magellanica. The Andean and Brazilian populations of sect. Quelusia
probably became isolated in the late Tertiary, when the austral temperate forests were broken up by increasing aridity
to the east of the Andes, as these were strongly uplifted. While F. magellanica has not differentiated substantially
throughout its range in the southern Andes, sect. Quelusia has radiated extensively in the subtropical mountains of
southern Brazil, where five of the eight species are restricted to high, isolated mountain peaks. Fuchsia regia, on
the other hand, is widespread at lower altitudes throughout the planalto and coastal mountains of southeastern Brazil;
it is differentiated into three mostly allopatric but intergrading series of populations which are treated here as subspecies.
Two of these subspecies are newly described, F. regia subsp. reitzii and F. regia subsp. serrae. Fuchsia regia 1s
the only species now found to occur sympatrically with other members of the section, and it forms natural hybrids
with at least five different species. The only naturally occurring octoploid populations in the genus occur in F. regia
and appear to be recently derived.

Fuchsia 1s a distinctive genus of Onagraceae
with close to 105 species belonging to ten sections
(Berry, 1982; Berry et al., 1988). The genus con-
sists mostly of mesic shrubs confined to cool, moist
habitats, with nearly % of the species concentrated
in the tropical Andes. The remaining species occur
in Mexico and Central America, Hispaniola, south-

In recent years, Fuchsia has been the subject
of a series of studies designed to refine the tax-
onomy and to improve our understanding of the
evolutionary relationships within the group. A com-
prehensive analysis of leaf flavonoids (Averett et
al., 1986) confirmed the distinctiveness of the New
Zealand species of the widely disjunct sect. Skin-

eastern Brazil, the southern Andes, New Zealand,

and Tahiti.

nera from their American congeners. Studies of
pollen morphology and ultrastructure in a broad

' This study was made possible by financial support provided by the American Philosophical Society, the Consejo
Nacional de Investigaciones Cientificas y Tecnologicas (CONICIT, Venezuela), the Conselho Nacional de Desenvol-
vimento Cientifico e Tecnologico (CNPq, Brazil), and the U.S. National Science Foundation through grants to Peter
H. Raven. I thank Peter Raven especially for constant support and interest in this project, and Peter Hoch for
assistance throughout the preparation of this paper. T. P. Ramamoorthy was an important collaborator in the imtal
stages of the study. Haroldo Cavalcante de Lima, Daniel Falkenberg, and Gert Hatschbach were gracious hosts and
invaluable field guides in Brazl. Jose Badini, Jose Fernando Baumgratz, Lois Brako, Rejan Guedes, Luiz Gonzaga,
Roberto Klein, Teresinha Silva Oliveira, Solange Vasconcellos de Pessoa, and Raulino Reitz also provided feld
assistance. Valuable comments on an earlier version of this paper were provided by D. Falkenberg, P. Raven, and
J. O. Wnight. The staff of the Jardim Botanico do Rio de Janeiro kindly allowed me to use their institution as a base
while in Brazil. Illustrations were prepared by Eduardo Perez, Unidad de Medios Audiovisuales, Universidad Simon
Bolivar, in Caracas, Venezuela. 1 thank the curators of the following herbaria for providing access to materials: A,
B, BAA, BAB, BH, BHCB, BHMH, BM, BR, CAS, CGE, CONC, CORD, DS, F, FLOR, G, GH, HB, HBR, HIP,
ICN, K, LE, LG, LIL, LP, LY, M, MA, MBM, MICH, MO, NA, NY, O, OUPR, OXF, P, PACA, PEL, POM, R,
RB, RSA, S, 5GO, 51, SP, SPF, TCD, TEX, U, UC, UEC, US, VALD, W, and Z.

* Departamento de Biologia de Orgamsmos, Universidad Simon Bolivar, Apartado 89000, Caracas 1081, Venezuela.

Current address: Missour1 Botanical Garden, P.O. Box 299, St. Louis, Missouri 63166-0299, U.S.A.
ANN. Missourl Bor. GARD. 76: 532-584. 1989.



Volume 76, Number 2
1989

array of species have helped to define sectional
limits by detecting consistent differences in viscin
thread types, aperture number, and grain size
(Skvarla et al., 1976, 1978; Nowicke et al., 1984;
Praglowski et al., 1983). Systematic revisions for
seven of the ten sections in the genus have been
completed, based on broad cytological surveys, a
thorough review of the major collections of her-
barium specimens, and extensive field examination
of natural populations (Breedlove, 1969; Berry,
1982, 1985; Breedlove et al., 1982; Berry et al.,
1988). The present study uses the same method-
ology to produce a revision of the species ot sect.
Quelusia, a group centered in southeastern Brazil
and forming the largest section outside of the trop-
ical Andes.

A better understanding of the systematics of
sect. Quelusia is particularly desirable, as the species
form a closely related, yet unspecialized group that
may have retained many of the primitive char-
acters of the genus. Biogeographically, the section
is confined to ancient forest areas in the southern
Andes and in southeastern Brazil that show clear
austral-Antarctic afhnities. Ultimately, this may
have been the source area from which other sec-
tions differentiated and spread both to Australasia,
when more or less direct overland connections were
possible across Antarctica until the mid-Tertiary,
and to Central America, where several small sec-
tions presently occur.

Horticulturally, most of the hundreds of hybrid
Fuchsia cultivars have been derived primarily from
members of sect. Quelusia (Reiter, 1944), yet there
has been much confusion as to which taxa were
involved in the early crosses. Accurate information
on the different native species of sect. Quelusia
can also be expected to stimulate interest in their
preservation, cultivation, and use in hybridization
for new ornamental cultivars.

In the only recent monograph of Fuchsia, Munz
(1943) recognized five species in sect. Quelusia,
together with Fuchsia hybrida Hort. ex. Vilm., a
name used to encompass most of the common
garden hybrids. Fuchsia magellanica and F. regia
included three and four varieties, respectively; these
species have the broadest geographical distributions
in the genus and also show complex patterns of
morphological variation. In this study, Fuchsia
magellanica is treated as a single, cytologically
uniform, polymorphic species with no clear geo-
graphical pattern of differentiation. Fuchsia regia,
on the other hand, has tetraploid and octoploid
populations, with geographically differentiated
variants that are treated here as comprising three
intergrading subspecies. Both F. alpestris and F.
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glazioviana are reinstated as distinct species, and
two previously unrecognized species are described,
F. brevilobis and F. hatschbachii. As herein de-
limited, sect. Quelusia consists of 11 taxa, with
nine different species.

HABITAT AND DISTRIBUTION

Fuchsia sect. Quelusia is an entirely Southern
Hemisphere group of species, with a latitudinal
range extending from 18°S to 55°5. It occurs In
South America in two large but widely disjunct
areas: the southern, temperate Andes of Chile and
Argentina, and the coastal mountains and high
plains of southeastern Brazil (Fig. 1).

The only species occurring in the southern An-
des 1s F. magellanica, which i1s characteristic of
the wet, temperate, Valdivian forests that are cen-
tered in the Region de Los Lagos of Chile. These
forests are considered to be relicts of an ancient
vegetation type that includes many taxa of Aus-
tralasian afhinity, such as Nothofagus, Drimys,
Podocarpus, and Araucaria (Rambo, 1951;
Hueck, 1972; Lotschert, 1981). Fuchsia magel-
lanica also extends farther north into drier areas
in Chile, where it occurs in moist microhabitats as
far north as Santiago and Valparaiso, and then
southward to the subantarctic scrub forests of Tier-
ra del Fuego. Throughout its range, F. magellan-
ica occurs as low as sea level, but only at its
northernmost range does it reach its upper alti-
tudinal limit of 1,750 m. Seasonality increases
southwards, so that in Tierra del Fuego, flowering
is restricted to the summer months of December
to March, and plants are strongly deciduous in the
freezing winter months.

The other eight species of the section all occur
in the highlands of southeastern Brazil. A single
species, F. regia, is widespread and covers the
entire range of the section in Brazil, from 18°20'S
to 29°30'S. The remaining species have much more
restricted distributions, several occurring on a sin-
gle mountain range.

Fuchsia regia consists of three largely allopatric
subspecies. Subspecies serrae occurs mainly in dense
cloud forests at the crests and on the seaward-
facing escarpments of the coastal mountains from
Rio Grande do Sul to northern Sao Paulo state, at
elevations of 500-1.450 m. In Santa Catarina,
however, it is also found in enclaves of montane
vegetation on the summits of the isolated ““morros™
that emerge just 100 to 300 m above the Atlantic
lowland forest in the Itajai Valley (Klein, 1978).
[t has also been found at sea level in restinga torests
near the Santa Catarina—Rio Grande do Sul border,
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where Reitz (1961) found a number of other plants
typical of the high inland serras.

Fuchsia regia subsp. reitzii is restricted to
thickets and low forest on the drier planalto, or
southern highlands, that occupies much of the in-
terior of Parana, Santa Catarina, and Rio Grande
do Sul. It occurs at altitudes between 900 and
[,700 m in areas subject to strong winter frosts
(Klein, 1984). The range of subsp. reitzii in this
area coincides quite closely with Araucaria an-
gustifolia, the dominant element of the planalto
forests (Hueck, 1953). In Rio Grande do Sul and
southern Santa Catarina, the planalto ends abruptly
to the east at the “*Aparados’ or *“Taimbes,’” sheer
chffs that drop down hundreds of meters to the
Atlantic coastal plains. At these sites, subsp. reitzii
reaches its eastern limit, growing sympatrically
along a narrow band with the westernmost popu-
lations of subsp. serrae.

Fuchsia regia subsp. regia occurs further north
In a series of separate mountain systems, from
northern Sao Paulo to Rio de Janeiro, Minas Gerais,
and Espirito Santo. It grows in cloud forests be-
ginning at 1,000 m and reaches open campos
above treeline as high as 2,400 m on Mt. ltatiaia.

Several species are restricted to high altitudes
and are known from just one area. Fuchsia bra-
celinae grows only between 2,300 and 2,850 m,
above treeline in the ““‘campos de altitude’ of a
few peaks of the Serra do Caparao. This is the
highest mountain range of southern Brazil, situated
along the Minas Gerais—Espirito Santo border. Sim-
larly, F. campos-portoi occurs only in campos
around Mt. [tatiaia, in the Serra da Mantiqueira,
between 2,100 and 2.550 m. Fuchsia coccinea
occurs naturally only at the summit of four of the

highest mountains in Minas Gerais, between 1,400
and 2,000 m.

Two species are endemic to several of the high,
granitic “‘morros’’ characteristic of the Serra do
Mar in Rio de Janeiro state. Fuchsia alpestris
grows among bushes at the base of granitic outcrops
in the Serra dos Orgios and around Santa Maria
Madalena. Fuchsia glazioviana is found as high
as 2,100 m in open campo vegetation on morros
around Nova Friburgo and Santa Maria Madalena.
It also descends into cloud forest as low as 1,500
m on the same mountains.

Two newly described species from Parana and
southern Sao Paulo states have broader ranges.
Fuchsia brevilobis occurs in forests of low, inland
mountain ranges at 600-900 m, but on the eastern
slopes of the Serra do Mar in Parana, it is found
from 400 m to sea level. Fuchsia hatschbachii
occurs further inland in Parana, in drier forests
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than the coastal mountains, and is apparently re-
stricted to limestone and sandstone outcrops be-

tween 950 and 1,150 m.

REPRODUCTIVE BIOLOGY

The members of sect. Quelusia all conform to
a very similar pattern of floral biology. The flowers
are hermaphroditic and self-compatible, as well as
protogynous and herkogamous. Consequently, the
genus has been characterized as “‘modally out-
crossing’” (Raven, 1979a). Blossoms are always
pendent, with the stigma exserted well below the
anthers, a prime example of “‘approach herkoga-
my (Webb & Lloyd, 1986), where the stigma is
contacted as the visitor enters the flower prior to
picking up pollen. Protogyny is incomplete, how-
ever, because the anthers begin to dehisce within
a day after anthesis, while the stigmas remain re-
ceptive from the onset of anthesis until flower se-
nescence several days later. Despite the presence
of these outcrossing mechanisms, geitonogamous
pollen transfer may still lead to effective selfing.
Automatic seliing can also occur, since pollen usu-
ally hangs down in clumps joined by viscin threads,
which are able to contact the stigmatic surface
betore the flower senesces.

The flowers of sect. QQuelusia are highly spe-
cialized for pollination by hummingbirds. Each
species has red, odorless, hanging, tubular flowers
with copious nectar secreted at the base of the
floral tube, all standard features in hummingbird-
pollinated plants (Faegri & van der Piyl, 1979).
Unlike other bird-pollinated fuchsias, however, the
petals are much larger and strongly convolute; they
thus act functionally as a prolongation of the floral
tube, further restricting the access of insects to the
nectary. The deep blue-violet color of the petals
of sect. Quelusia is unique in the genus, although
its significance in pollination is not clearly under-
stood. The abundance of viscin threads in Fuchsia
1s among the most copious in the family and has
been considered a probable adaptation to bird pol-
lination (Nowicke et al., 1984).

Hummingbirds are commonly observed visiting
the flowers of sect. Quelusia throughout its native
range, but few published accounts have identified
the species of the hummingbird visitors. Curtis
(1836) cited an early account by J. Anderson, the
botanist on Philip King’s voyage to the Magellan
Straits, who observed numerous hummingbirds vis-
iting F. magellanica around Port Famine, even
after days of constant rain and sleet at near-freez-
ing temperatures. Hauman-Merck (1912) reported
frequent visits of Kustephanus galeritus (Mol.) on
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F. magellanica near Corral, in Valdivia, Chile. In
Brazil, Ruschi (1982) reported Colibri serrirostris
(Vieillot) visiting flowers of F. regia. A Plovercrest
hummingbird, Stephanoxis lalandi (Vieillot), was
observed visiting Fuchsia in the open campos area
of Mt. Itatiaia, Rio de Janeiro state by Mitchell
(1957), as well as by Ruschi (1982) in Teresopolis
at 900 m. Three hummingbird species, Colibri
serrirostris, Stephanoxis lalandi, and Leuco-
chloris albicollis, were common around F. bra-
celinae in the Serra do Caparao, at 2,400 m,
during a visit in February 1985 (L. Gonzaga, pers.
comm.). It is unlikely that any strong pollinator
discrimination exists between the different species
of Fuchsia in Brazl, since the flowers are very
similar in size and overall floral pattern. On both
F. campos-portoi and F. brevilobis, 1 have seen
two different hummingbird species visiting flowers
of the same bush in rapid succession, and | also
watched an individual hummingbird visit flowers of
F. brevilobis right after leaving flowers of a neigh-
boring plant of F. regia subsp. serrae.

Besides hummingbirds, several insect species
have also been observed visiting flowers of sect.
Quelusia in their native habitat. Apis mellifera
was a common visitor to flowers of F. coccinea at
Serra da Piedade, Minas Gerais, during our visit
in February 1985; it was also observed on F.
campos-portoi at Mt. Itatiaia in January 1985.
Hauman-Merck (1912) described the wvisits of
Bombus chilensis to F. magellanica in southern
Chile, and thought it to be a more important visitor
there than hummingbirds. Both ot these bee species
hang from the anthers to collect pollen and may
attempt to reach the nectary at the base of the
tube; Bombus, especially, 1s able to make contact
with the stigma and acts as an effective pollinator.
[ also saw a butterfly visiting F. regia subsp. serrae
near Mogi das Cruzes, Sao Paulo, Brazil; 1t grasped
the stamens attempting to enter the floral tube for
nectar and made contact with both the anthers and
the stigma in the process. When species of sect.
Quelusia are cultivated outside their native range
in areas where hummingbirds do not occur, such
as England, they are frequently visited by honey
bees and bumblebees (J. Wright, pers. comm.).

Seed dispersal is probably effected by frugivo-
rous birds, although no direct observations or pub-
lished reports have been made.

MORPHOLOGY

Habit and stems. Plants of sect. Quelusia are
all shrubs or lianas. Stems are usually flexuous and
require the support of neighboring vegetation, but
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low, densely branched shrubs are common in such
species as F. coccinea and F. bracelinae. Fuchsia
regia can become a large, forest liana, with stems
to 20 cm in diameter climbing as high as 15 m
into the tree canopy, but it can also be found
growing as a compact shrub in open situations. On
large, climbing plants of F. regia and F. alpestris,
it is common to find hanging branches several
meters long. Short, divaricating side shoots are
typical of young plants of F. regia subsp. serrae.

Vegetative reproduction occurs in most taxa
through stem-layering, especially when long, flex-
uous stems lay over ground litter. Fuchsia bra-
celinae and F. coccinea reproduce locally by un-
derground, stoloniferous and some
populations of F. regia subsp. serrae produce aerial
roots on shoots well above the ground, as described

by Lindley (1841) for F. radicans.

stems,

Leaves. Phyllotaxis in sect. Quelusia is op-
posite or whorled. The most common condition 1n
the section is ternate leaves, but individual plants
often combine leaves in pairs, threes, and fours on
different shoots. Exceptions are F. alpestris, almost
always with opposite leaves, and F. regia subsp.
reitzii, with leaves all in whorls of 3, 4, or 5.
Fuchsia glazioviana has unusually short inter-
nodes, just 3—12 mm long, with the leaves densely
packed on the stems.

The texture of the leaves of most species 1s
membranous, but F. regia subsp. serrae has co-
riaceous leaves, and those of F. regia subsp. regia
are mostly subcoriaceous. Leaf surface i1s a useful
character in some taxa:; it 1s smooth and lustrous
in F. regia subsp. serrae, with a dark green color
above and a paler tone below. Leat surfaces ot
Fuchsia glazioviana and F. hatschbachii are sim-
ilar, but the surface is less brilliant. Impressed leat
veins are especially characteristic of F. bracelinae,
and to a lesser degree in F. brevilobis. Secondary
venation in leaves of F. campos-portoi can be
almost imperceptible, while in /. regia subsp. re-
itzii a conspicuous tertiary venation is usually ev-
ident.

Leaf size and shape vary considerably within
taxa, but some differences can be readily distin-
guished. The leaves of Fuchsia glazioviana, F.
bracelinae, and F. campos-portoi are small, most-
ly less than 4 cm long, and very narrow in F.
campos-portoi. The largest leaves occur in F. al-
pestris and F. regia subsp. regia and are mostly
6-14 cm long. Ovate leaves with cordate bases
are diagnostic of F. coccinea.

Leaf margins are characteristically gland-den-
ticulate, but in F. campos-portot and F. regia
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subsp. reitzii they are conspicuously gland-serru-
late, with the teeth angled towards the leat apex.
Fuchsia magellanica has mostly serrulate mar-
gins, but they are sometimes crenate, with shallow
lobes between the teeth.

Petiole length 1s useful in discriminating taxa in
sect. Quelusia. Fuchsia coccinea and F. brace-
linae have nearly sessile leaves, with petioles 1-3
mm long, while they exceed 10 mm in F. regia
subsp. regia and F. regia subsp. serrae. Often the
proportion of the petiole to the blade length is very
informative: high (> 1:4)in F. regia and F. mag-
ellanica, and low (1 :8 <) in F. hatschbachii and
F. alpestris. Petioles are stout and over I mm
thick in F. alpestris, F. coccinea, F. regia subsp.
serrae, and F. regia subsp. regia; they are slender
in F. magellanica.

Stipules in all but one taxon are small, lanceo-
late, and deciduous. Fuchsia regia subsp. serrae
Is unique, with prominent, persistent stipules that
are thick and recurved, usually fused in pairs be-
tween adjacent leaves, and give a characteristic
nodose appearance to the stems.

Flowers. Flowers are all borne singly or rarely
in pairs in the axils of young leaves near the branch
tips. Rarely more than two or three whorls of leaves
bear flowers at the same time on a single stem.
The pedicels are pendulous, except in F. coccinea,
where they are divergent from the stem before
hanging down in the distal half.

Section Quelusia is the only group in the genus
where the sepals are much longer than the floral
tube. In addition, the sepals are always connate to
varying degrees at their base, which in effect
lengthens the tubular portion of the flower. The
petals are strongly convolute and form a cone
around the stamens and stigma. The nectary con-
sists of a smooth to slightly lobed band ca. 1 mm
thick lining the inner, basal portion of the floral
tube. A flower from sect. Quelusia 1s illustrated
diagrammatically in Figure 2.

The floral tubes of most species are cylindrical-
fusiform, but F. campos-portoi 1s distinct with 1ts
short, subrhombic tubes. Sepal connation 1s only
3—-6 mm in most taxa. Fuchsia brevilobis 1s ex-
ceptional, with sepals connate for 10-16 mm, al-
most completely concealing the corolla and longer
than either the free sepal lobes or the true floral
tube. Fuchsia regia subsp. serrae also has sepals
joined for over %3 their length; the buds are no-
ticeably four-ridged, and the free lobes sometimes
recurve after anthesis.

Fruits. Berries in sect. Quelusia are generally

oblong-ellipsoid and dark purple to black when ripe.

Berry 537

Fuchsia sect. Quelusia

In F. regia subsp. reitzii, the berries are mostly
globose, while in F. magellanica they are much
more elongate than in the other species. Ovules
are biseriate in each locule and number between

60 and 120 per fruit.

CYTOLOGY AND PALYNOLOGY

Cytology. Concurrently with this revision,
Hoshino & Berry (1989) made an extensive cy-
tological survey of all 11 taxa of sect. Quelusia,
examining 103 individuals from natural popula-
tions and 11 cultivated plants. Their results showed
the section to be entirely polyploid, predominantly
tetraploid (n = 2x = 22), but with octoploidy (n
= 4x = 44) found in two species. All other sections
in the genus, except for the tetraploid, monotypic
sect. Kierschlegeria, are entirely or mostly diploid
(n=x=11).

Tetraploidy was found in all specimens examined
of six Brazilian species and in the more than 40
populations that were studied from the widespread
F. magellanica of the southern Andes (see Hoshino
& Berry, 1989, Table 1). Normal bivalent for-
mation was observed in all of these collections.

Octoploidy was limited to the three subspecies
of F. regia and a single cultivated individual of F.
alpestris. Fuchsia regia subsp. reitzii and F. regia
subsp. serrae were consistently octoploid, but tet-
raploid individuals were also found in F. alpestris
and F. regia subsp. regia. In all octoploids ex-
amined, varying numbers of quadrivalents were
present at meiotic Metaphase | and Anaphase |.
Although tetraploid and octoploid plants occurred
sympatrically in several localities, no hexaploid in-
dividuals were detected. The chromosome numbers
of the individuals examined by Hoshino & Berry
are indicated in this paper under the specimen
citations of the respective taxa.

Palynology. Pollen grains of Fuchsia have
distinctive, onagraceous features such as viscin
threads, paracrystalline-spongy ektexine, protrud-
ing apertures, and a solid endexine. The genus 1s
unique, however, in possessing predominantly two-
aperturate, bilaterally symmetrical pollen grains.
Radially symmetrical, three-aperturate grains also
occur in the genus but are confined to polyploid
species and are clearly derived from two-aperturate
ancestors, a result of the increased cell volume of
polyploid cells. Most sections of the genus can be
distinguished by a combination of aperture number,
viscin thread ultrastructure, and type of exine
sculpture elements. Detailed pollen descriptions of

the different sections are provided in Praglowski

et al. (1983) and Nowicke et al. (1984).
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The members of sect. Quelusia have radially
symmetrical and three-aperturate pollen grains, a
condition consistent with the polyploidy found in
all species of the section. Viscin threads are seg-
mented-beaded, and the exine has globular sculp-
ture elements. Praglowski et al. (1983) reported a
size range of 33-60 um for P (polar axis length)
and 59-85 um for K (equatorial axis) for the seven
taxa they examined. Rare four-aperturate grains
have been found in F. coccinea and F. regia;
occasional two-aperturate grains were also found
in F. magellanica and were considered to be re-
versions to the ancestral condition of the genus
(Praglowski et al., 1983; Nowicke et al., 1984).
Octoploid individuals of F. regia cannot be distin-
guished from tetraploids by differences in pollen
morphology, although octoploid pollen grains may
be significantly larger (Hoshino, pers. comm.).

The only other section of Fuchsia characterized
by three-aperturate pollen is the monotypic sect.
Kierschlegeria (F. lycioides). Its pollen can be
distinguished from that of sect. Quelusia, however,
by the smooth viscin threads with elongated sculp-
ture elements (Nowicke et al., 1984).

FLAVONOID COMPOUNDS

Because of the ornamental appeal of Fuchsia,
several studies have examined the role of antho-
cyanins in the different flower colors in the genus

(Harborne, 1963; Yazaki & Hayashi, 1967; Noz-
zolillo, 1970; Yazaki, 1976; Crowden et al., 1977).

Flower colors are determined almost entirely by
the 3-glucosides and 3,5-diglucosides of all six com-
mon anthocyanins. Red coloration in the sepals
and floral tube is due mostly to cyanidin and peon-
idin pigments, whereas the characteristic blue-vi-
olet color of the petals of all members of sect.
Quelusia is due to the dominance of malvidin de-
rivatives, with peonidin in much lesser concentra-

tions (Nozzolillo, 1970; Yazaki, 1976; Crowden et
al., 1977). Yazaki(1976) indicated that the intense

blue-violet color of some cultivars is due to the
simultaneous presence of other co-pigments in the
cell, particularly quercetin glycosides. In some cul-
tivars, the petals change color from blue-violet to
purple-red with age; Yazaki (1976) has shown this
to be due to the combined effect of the flavonoid
co-pigments, together with a decrease in the pH
of the cell sap brought about by the accumulation

of organic acids.
Averett et al. (1986) carried out a comprehen-

sive survey of the foliar flavonoids in 80 taxa of
Fuchsia and reported the flavonoid profiles of four

taxa belonging to sect. Quelusia. Current taxo-
nomic changes in the section, however, have mod-
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FIGURE 2. Schematic longitudinal section of a flower
from Fuchsia sect. Quelusia, with terminology used in
the species descriptions.

ified these results, and a revision i1s presented in
Table 1. Based on the same samples examined by
Averett et al. (1986), two additional taxa are now
included, F. brevilobis and F. regia subsp. serrae.
From these changes, it 1s apparent that it 1s F
brevilobis, not F. regia, that has a distinctive fla-
vonol diglucoside. Fuchsia magellanica remains
the only species in the section known to possess
flavones (compounds 12 and 15), which could be
used as excellent markers for detection of the par-
entage of this species in cultivars of uncertain or-
igin, although flavones might not be expressed in
all /. magellanica hybrids. Otherwise, the re-
maining flavonol monoglucosides are all of common
occurrence in other taxa of the genus.

NATURAL HYBRIDIZATION

Because of the restricted distributions of most
of the Brazlian species of Fuchsia, there 1s no
range overlap among them, except with the wide-
spread F. regia. Fuchsia regia occurs sympatri-
cally with five other species, and in each case,
morphologically intermediate, putatively hybrid in-
dividuals have been detected (Table 2). Populations
of F. regia subsp. serrae also occur together with
each of the other subspecies of F. regia, forming
extensive hybrid swarms in areas of sympatry.
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TABLE 1. Foliar flavonoids in species of Fuchsia sect. Quelusia.'

Compounds?
Taxa Examined ] 2 3 5 6 7 8 9 12 15

F. brevilobis s + +- + +

F. campos-portoi + + + + + +

F. coccinea + + + + +

F. magellanica o+ : + + + ot + +

F. regia subsp. regia + - - + + + + +

F. regia subsp. serrae + + + + + s +

' Based on the same samples as reported in Averett et al. (1986); changes in identifications are as follows: Davidse
et al. 10904, Hatschbach & Ramamoorthy 42974 (F. brevilobis), Conrad & Dietrich 2055, Hatschbach &
Ramamoorthy 42976, Ramamoorthy & Reitz 1163, and Ramamoorthy & Vital 685 (F. regia subsp. serrae);
Ramamoorthy & Vital 673, 674, 676, 680 (F. regia subsp. regia).

* + = present in all collections sampled, = = present in some collections but absent in others. Same numerical

codes as in Averett et al. (1986): 1 = K-3-O-glu; 2 = K-3-O-gal; 3 = K-3-O-rham; 5 = K-3-O-rham-glu; 6 =

Q-3-O-gluc; 7 = Q-3-O-gal; 8 = Q-3-O-rham; 9 = Q-3-O-ara; 12 = A-7-O-glu; 15 = L-7-O-glu. Abbreviations: K

kaempferol, Q = quercetin, A = apigenin, L. = luteolin, glu = glucose, gal = galactose, rham = rhamnose, ara

arabinose.

The morphological intermediacy of several char-
acters was the main criterion used in detecting
hybrids between different taxa; in most cases, both
putative parents were growing sympatrically close
by. Details of the different hybrid combinations
found are provided in the Appendix.

Natural hybridization among sympatric taxa of
sect. Quelusia appears to occur readily, as there
are no major differences in pollinators, flowering
time, or habitat in mixed populations. The only
indication that reduced fertility might occur in hy-
brids was from one artificial cross between a tet-
raploid individual of F. regia subsp. regia and an
octoploid individual of F. regia subsp. serrae, where
the hexaploid progeny showed low pollen fertility
(Hoshino & Berry, 1989). More experimental work
1s needed on the chromosomal behavior of crosses
between tetraploid and octoploid taxa in sect. Que-
lusia.

In most cases, the area where two species over-
lap 1s small, and the frequency or abundance of
hybrids is low compared with the parental popu-
lations. Fuchsia campos-portoi, F. coccinea, and
F. glazioviana are all high-altitude species that

grow in the open “‘campos de altitude’ at or above
treeline. Hybrids between these species and F. re-
gia occur where they descend into the upper forest
zone, or when F. regia extends beyond its normal
limit into the open campos. Fuchsia brevilobis has
the inverse of this pattern, generally occurring at
lower altitudes than F. regia subsp. serrae, with
probable hybrids in limited areas where their ranges
overlap. Fuchsia bracelinae may have grown sym-
patrically with F. regia until the past century, when
extensive cutting and burning eliminated the upper
forest belt of most of the Serra do Caparao.

The situation among the subspecies of F. regia
1s notably different. These taxa are much more
widespread and overlap more extensively than any
of the other species in the section. Fuchsia regia
subsp. reitzii is typical of the planalto region in
Rio Grande do Sul and southern Santa Catarina
states, but it contacts populations of the more mesic
F. regia subsp. serrae along the easternmost edge
of the planalto near the crests of the Serra Geral,
producing large, widely variable, intermediate pop-
ulations. Extensive intergradation between F. regia
subsp. regia and F. regia subsp. serrae occurs

TaBLE 2. Sympatric occurrence and natural hybridization among the native taxa of Fuchsia sect. Quelusia in
Brazil. An X indicates that both sympatry and natural hybridization occur. Abbreviations are of the first three letters
of the specific (capitals) or subspecific (lower case) epithets.

Subspecies of

F. regia

subsp. regia
subsp. reitzii — - — - — et - —

subsp. serrae — — X — — g - X X
ALP BRA |
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along the eastern edge of the Serra da Bocaina
and the Serra do Mar in northern Sao Paulo state.
Although F. regia is the only species presently
found in widespread contact with other species of
sect. Quelusia, the numerous hybrid combinations
detected indicate that interspecific genetic recom-
bination may have been an important mechanism
in providing a rich source of novel, adaptive ge-
notypes in the fuchsias of southern Brazil.

EVOLUTION OF SECTION QUELUSIA

Various lines of evidence, including chloroplast
DNA restriction fragment analysis (Sytsma & Smith,
1988) and leaf flavonoid analyses (Averett et al.,
1986), have suggested the Old World sect. Skin-
nera to be the earliest offshoot of the genus and
the sister group of all the American sections of
Fuchsia. The oldest fossil pollen grains ot the genus
have been found in New Zealand and Australa
from Oligocene and Miocene deposits (Pocknall &
Mildenhall, 1984; Berry et al., in prep.). Despite
the early divergence of this group, the members
of sect. Skinnera exhibit several specialized tea-
tures for the genus, including the derived condition
of male sterility, reduced petals, presence of flavone
sulphates, and a variety of unusual life forms, such
as large trees and procumbent creepers.

The most likely area of origin of Fuchsia is
South America, where the greatest concentration
of species as well as the sections with the most
generalized features in the genus occur (Raven,
1979a; Berry, 1982). Whereas the large Andean
sections appear to have arisen and radiated during
the Neogene uplift of the tropical Andes (Berry,
1982, 1985), the areas now occupied by sect.
Quelusia have changed little since the mid-ler-
tiary, when temperate forests were much more
widespread in southern South America (Simpson,
1973). With the current Australasian tossil record,
It is now apparent that Fuchsia formed part of the
Nothofagus and podocarp-dominated temperate
forests that occurred more or less continuously
across southern South America, Antarctica, and
Australia until at least the late F.ocene (Zinmeister,
1987, Truswell, in press). The wet, temperate for-
ests of the southern Andes and the montane forests
of southeastern Brazil are now the only remnants
of these austral temperate forests in South Amer-
ica, which, like Fuchsia, share a large number of
disjunct plant groups that also have close relatives
in Australasia (Raven, 1979b).

Although there are no fossil records to indicate
an early presence of sect. Quelusia in South Amer-

Annals of the
Missouri Botanical Garden

ica, the section follows a pattern consistent with
other relicts of the southern temperate forests. It
Is ecologically conservative, with most individuals
restricted to moist sites in cool, forest habitats.
Morphologically, there is little divergence in the
section, with species differentiated by relatively
minor variations on a common pattern of floral and
vegetative characters. Many of the features of sect.
Quelusia are unspecialized in the genus, including
the axillary, bisexual flowers, well-developed petals,
numerous seeds, and segmented-beaded viscin
threads. It is possible that some of the primitive
characters in sect. Quelusia were preserved through
the buffering effects on evolutionary divergence
caused by paleopolyploidy in the group (Stebbins,
1985; Hoshino & Berry, 1989).

The ancestor of the modern-day species of sect.
Quelusia was probably tetraploid, with derived,
three-porate pollen (Hoshino & Berry, 1989). As
such, it could not have given rise directly to the
other, mostly diploid, sections of the genus, but
rather represents an early offshoot of the ancestral
stock of Fuchsia in South America. Early on, sect.
Quelusia developed its own floral syndrome for
hummingbird pollination: the relatively short, nec-
tar-holding floral tube; large, attractive sepals; and
petal cone and sepal tube that further extend the
tubular portion of the blossom.

Section Kierschlegeria, containing only F. [y-
cioides restricted to the dry coastal scrub of central
Chile, 1s the only other section of Fuchsia that is
entirely polyploid and has three-porate pollen grains.
Because of this similarity and its geographic prox-
imity to F. magellanica, Berry (1982) and Raven
(1988) postulated that it 1s related to sect. Que-
lusia. Using chloroplast DNA restriction fragment
analysis, Sytsma & Smith (1988) demonstrated
that sects. Quelusia and Kierschlegeria form a
distinct lineage from the rest of the genus, defined
by three synapomorphies. Furthermore, within this
lineage F. lycioides could not be distinguished from
the two species of sect. Quelusia studied, F. ma-
gellanica and F. regia. This evidence of a close
relationship 1s remarkable, since F. lycioides has
a high number of specialized features, such as
functional dioecy, spinose leaf bases, low seed num-
ber, smooth viscin threads, small lowers, and sum-
mer deciduousness. Evidently, the evolutionary shift
of sect. Kierschlegeria to a xeric habitat in the
southern Andes entailed a large number of mor-
phological changes corresponding to a much small-
er degree of genotypic divergence.

Within sect. Quelusia, we are faced with the
question of why there is just one species in Chile
and Argentina, while in Brazil there are eight species
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In an area of comparable size. Fuchsia magellan-
tca 1s a classic example of the lack of differentiation
that 1s characteristic of the Nothofagus forests of
Chile. These habitats presumably have been stable
and continuous for long periods of time, providing
little opportunity for speciation to occur. Most taxa
inhabiting these areas have retained primitive char-
acters for their respective groups (Simpson, 1973).
Although the current distribution of /. magellan-
ica extends beyond the Nothofagus forests, vir-
tually all of the area now occupied by this species
south of 44°S latitude was covered by ice during
the Pleistocene (Vuilleumier, 1971).

In contrast to the temperate latitudes ot Chile
and Argentina, the Brazilian members of sect. Que-
lusia are centered in the subtropics. There, Fuch-
sta 1s lmited to the cool, moist habitats of the
coastal mountains and the interior planaltos. Most
of the cold-adapted taxa of Brazilian fuchsias are
vicariant species that are now restricted to just a
tew high mountain peaks. Allopatric speciation in
this group of species was likely enhanced by the
joining and subsequent separation of populations
caused by the cycles of Pleistocene glacial and
interglacial events (Simpson, 1979; Klein, 1984).

Two of the Brazilian species have adapted to
warmer, lower-altitude habitats that are more con-
tinuous over much of the southeastern part ot the
country. Fuchsia regia extends over the entire
range of the section in Brazil and forms a broad
taxonomic complex treated here as comprising three
subspecies, each adapted to a slightly different set
of environmental conditions. This species shows an
intermediate stage in the morphological differen-
tiation of populations between the more uniform
F. magellanica in the southern Andes and the
distinct, high-altitude species ot Brazl. Fuchsia
regia overlaps geographically with most of the
other species in the section and hybridizes with
them whenever they come into contact; these hy-
brids may constitute an important source of genetic
recombination for new adaptive genotypes in the
section. [t 1s also the only species in the genus with
naturally occurring octoploid populations, which
may lead to partial reproductive isolation with the
other tetraploid taxa in the section.

Two newly described species from Parana, Brazil
both consist of tetraploid populations that occur
within the range of the octoploid subspecies ot F.
regia. The different ploidy levels may afford sut-
ficient reproductive isolation for these species to
remain distinct. One of the new species, fuchsia
hatschbachiti, 1s the only species in the section that
appears to be edaphically specialized, occurring on
limestone and sandstone substrates on the eastern
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edge of the southern planalto. Populations of F.
regia subsp. serrae occur within 15 km of F.
hatschbachii near Curitiba, Parana, but the two
have never been observed to grow together under
natural conditions. The other new species, Fuchsia
brevilobis, 1s specialized in its small flowers with
elongate sepal tubes, and it has become adapted
to lower altitudes than most neighboring popula-
tions of F. regia.

Overall, the evolutionary scenario of sect. Que-
lusia differs significantly from the two, more spe-
ciose, Andean sects. Fuchsia and Hemsleyella.
Those species radiated recently into a broad ex-
panse of new, cool montane habitats that were
created with the recent uplift of the tropical Andes
(Berry, 1982, 1985). Section Quelusia, on the
other hand, has occupied a more ancient and stable
vegetation type in which disruptive selection may
have played less of a role in the divergence of
populations.

CLADISTIC ANALYSIS

This section examines the relationships of the
taxa of sect. Quelusia and the closely related F.
lycioides by means of a formal cladistic analysis.
The advantages of this approach are that it provides
clearly stated hypotheses about evolutionary re-
lationships based on shared, derived character
states, and 1t 1s based on an objective, repeatable
methodology.

The data were analyzed on an ATT 6300 mi-
crocomputer by the Wagner parsimony method of
the PAUP software package (version 2.4.1., Swof-
ford, 1985), using the branch and bound algorithm
(Hendy & Penny, 1982). Character polarity was
determined by outgroup comparison (Hennig, 1966;
Watrous & Wheeler, 1981), using sect. Skinnera
as the outgroup. In two characters, however, the
character states in sect. Skinnera are almost cer-
tainly apomorphic in the genus; so in these cases
the other genera of Onagraceae were used as the
outgroup.

Twenty-two characters were used in the phy-
logenetic analysis, with the character states listed
in the data matrix (‘Table 3).

Fifteen equally parsimonious trees were pro-
duced, each with 29 steps and a consistency index
of 0.931. Topologically all the trees are identical,
as they represent arbitrary resolutions of a single
tetrachotomy that appears in the trees. The unique
topology of these trees is presented in Figure 3.
According to these results, sects. Kierschlegeria
and Quelusia form a monophyletic group defined
by five synapomorphies, but within this clade F.
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Data matrix for characters of taxa used in the cladistic analysis of Fuchsia sects. Quelusia and

Kierschlegeria. Sect. Skinnera is used as the outgroup. Characters 9, 16, and 17 are unordered. A zero represents
the plesiomorphic states, and higher numbers represent the apomorphic states. In those characters where no zero
appears, the plesiomorphic conditions are uncertain, and the character states were coded as unordered.

—

protruding from lower part of floral tube

Characters
Taxon 1~ & & 4% a9 £ 4 B9 @Al 32 18 14-00% 16 37 18-19 20 21 22
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F. hatschbachi I .0 4 k %N ¢ S99 -8.0 0 0. &3 G0 0 99
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F. regia:
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. Pollen grains: 0 = 2-porate, 1 = 3-porate

2. Ploidy level: 0 = diploid, 1 = tetraploid, 2 = octoploid

3. Viscin threads: 0 = segmented-beaded, 1 = smooth

4. Flavones: O = present, | = absent

5. Sepals: 0 = unfused, 1 = fused < V4 of length, 2 = fused > % of length

6. Leaves: 0 = alternate, 1 = opposite/whorled

7. Stamens: 0 = included within sepals, 1 = exserted beyond sepals

8. Floral tube:sepal length: O = (subjequal, 1 = sepals noticeably longer

9. Nectary: 1 = smooth band around lower part of floral tube, 2 = thick lobes at base of tube around style, 3 =

10. Stigma: 0 = subentire, | = 4-lobed (on functional female flowers)

11. Pollen color: O = cream, 1 = blue
12. Seed number per fruit: 0 = > 50, 1 = < 40

3. Petiole bases: 0 = deciduous, 1 = persistent and spinose
14. Sexual system: 0 = hermaphrodite, 1 = male sterility determined by dominant gene
15. Sexual system: 0 = hermaphrodite, 1 = male sterility present and determination unknown
16. Petal color: 1 = dark maroon, 2 = pink or pale purple, 3 = blue-violet
(. Petal imbrication: 1 = separate, 2 = shghtly overlapping, 3 = strongly convolute
18. Stipules: 0 = small and deciduous, 1 = thick-crassate and persistent

19. Petioles: 0 = > 3 mm long, 1 = < 3 mm long
20. Habuit (branch type): O = shrubby, 1 = lanoid

21. Pubescence: 0 = plant glabrous or sparsely pubsecent, 1 = parts of plant densely pilose

22. Internodes: 0O = > 16 mm, 1 = < 16 mm

lyciotdes is the sister group to all of sect. Quelusia.
Section Quelusia 1s well delimited by the presence
of four synapomorphies, and F. lycioides possesses
eight unique, derived character states (autapo-
morphies). Within sect. Quelusia, F. magellanica
appears as the sister group of all the Brazihan taxa,
which are grouped by a single character, loss of
flavones. The Brazihan taxa of Fuchsia are poorly
differentiated by the cladistic analysis, forming a
polychotomy with four different lineages. Fuchsia
hatschbachii 1s an 1solated line in Brazl, differing
from F. magellanica only by the loss of flavones.
The three subspecies of F. regia torm a separate,
mainly octoploid lineage, supporting the monophy-

ly of F. regia sensu lato. Fuchsia glazioviana and
F. campos-portoi are sister species within the third
lineage. The fourth lineage includes four species,
which are divided into two species pairs, the high-
altitude F. bracelinae and F. coccinea, and F.
alpestris and F. brevilobis. Two homoplasies (par-
allelisms) occur in the cladogram: long-connate se<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>